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Abstract 
Fiber lasers are widely used in industry for various applications. For marking applications the most common types 
are pulsed fiber lasers with low average power (10-20 W), pulse lengths of 100 ns and pulse energy in 0,5-1 mJ 
range. 
 
However for applications of high speed ablations and cleaning of surfaces higher average power and pulse energy is 
needed to realize shorter production cycle times. For this purpose pulsed fiber lasers with morehockey17 
h than 500 W average power and 50 mJ pulse energy have been developed to realize economic processes. 
 
In the long pulse range (μs to ms pulse length) QCW fiber lasers have been introduced that fulfil the demands of 
high pulse energy (up to 60 J) at lower average power (few 100 W range). 
These lasers fulfil the requirements that so far only lamp pumped Nd:YAG-lasers have been realized: high peak 
power and pulse energy with low average power in order to reduce investment costs for such devices.  
 
This presentation describes the latest development of such pulsed fiber lasers and their industrial applications and 
focuses in more details on drilling applications. 
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1. Fiber Laser Technology 
Fiber lasers are converting multimode in single mode beam quality. In contrast to solid state lasers fiber lasers 
generates the laser light inside the fiber. In solid state lasers the active material is bulky (rod, disk) and needs 
external optical pumping with discrete free space components.  
Fiber lasers are designed all in fiber and are therefore far less complex than any other lasers. The IPG fiber laser 
uses pigtailed single emitter diodes which are  pumping the active fiber - doped with rare earth elements, like 
Ytterbium (Yb), Erbium (Er) or Thulium (Tm).  
The resonator is closed by using fiber bragg gratings, which are spliced into the active fiber and operate as rear 
mirrors or output couplers. The resonator is passively cooled and has not to be aligned or to adjust at any time 
because of the missing discrete optical components.  
All resonator components are fiber coupled, which makes the laser resistant against thermal impacts, vibrations and 
pollutions.  
High power single-mode fiber lasers for material processing applications are available since a few years in power 
ranges from a few watts up to today more than 5 kW [1]. 
By combining of fiber modules the fiber laser can be easily scaled up to multi-kW power at low order modes. The 
modular concept allows users to upgrade the laser in the output power later on.  
 
 
 
 
 
 
 
Fig. 1. Fiber laser design 
The major features of fiber lasers are: no limitations in power, best beam quality, high overall efficiency, life time of 
the pump diodes, small footprint, mobility and from the economical point of view low investment and maintenance 
costs. In fiber lasers are no parts which have to be exchanged permanently. 
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2. Pulsed Fiber Laser (ns range) 
Pulsed fiber lasers with ns pulse range consist of a master oscillator/amplifier setup. Pulses are generated by several 
techniques as seed diodes or fiber lasers with integrated modulators. Pulse length covers a big variety of 1 ns up to 
2000 ns. Diode pumped amplifier fiber blocks are connected direct to the oscillator and amplify the peak power of 
these pulses into the multi kW range. 
Depending on the choosen fiber diameter of the booster the peak power varies in the range of 10 kW up more than 
800 kW. Multiplied with the pulse duration (defined by the oscillator) pulse energy in the range of 1 mJ up to 50 mJ 
is generated. 
E.g. 25000 W x 400 ns = 10 mJ. 
Beam quality of these lasers depends on the used fiber diameters. Small diameters are used for pulsed fiber lasers 
that typically supply 1 mJ @ 100 ns and 10 KW Peak. 
Depending on the amplifier stage these lasers can be build in the range from 10 W up to 500 W average power.  
The difference inside this group of laser sources is the pulse repetition rate. Calculated by the formula average 
power = pulse energy x repetition rate lasers with 20 W can supply 1 mJ up to 20 kHz and laser sources with 500 W 
can supply 1 mJ up to 500 kHz. 
E.g. 1 mJ x 200 kHz = 200 W 
With a beam quality of M² <= 2 these lasers are suitable for all micro processing application were spot size down to 
20 - 30 μm are needed. 
10 kW of peak power focussed to spot sizes of e.g. 50 μm take care for irradiances in the range of 5 x 108 W/cm². 
This is enough power density for most applications like ablation, cutting and drilling of metals and ceramics. 
3. Applications with Pulsed Fiber Lasers (ns range) 
The most common application with thousands of installed systems is marking with 10 - 50 W. Pulsed fiber laser 
sources for this kind of application typically supply 0.5 - 1 mJ. Depending on the material type to be marked and the 
depth of mark irradiances between 1 x 106 W/cm² up to 1 x 108 W/cm² are used. 
Pulsed lasers with 1 mJ and M²<= 2 at higher average power (100 - 500 W) are well suitable for high speed cutting 
of thin metal foils (t <= 0.1 mm). 
E.g. 1 mJ at 500 kHz and spot size of 50 μm is good for cutting speeds of 10 - 20 m/s. Such cutting speed can be 
only realized by the usage of galvo scanning heads. As due to the high irradiance no cutting gas is required this 
setup leads to high flexibility for structuring and cutting of thin metal foils and laminated foils. 
Depending on the cut length of a part this type of cutting system is a good alternative for stamping tools used in high 
speed stamping machines. 
Another kind of application for pulsed fiber lasers in mid power range (50 - 100 W) is drilling. Solar wafers with 
holes for EWT (emitter wrap through) have to be drilled in production lines where lasers with drilling rates of more 
than 5000 holes per second have to be used. Pulsed fiber lasers with pulse durations of 1 - 2 μs are designed for this 
purpose. 
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For marking and foil cutting small spot sizes are needed. For ablation or cleaning of wide areas it´s not necessary to 
use small spots. The only requirements are irradiances in the range of 1 x 107 W/cm² to 1 x 108 W/cm² and energy 
densities in the range of 5 - 20 J/cm². 
Pulsed fiber lasers for this type of application have thicker fiber diameter (e.g. square fibers with 600 x 600 μm²). In 
this case the amplifier setup can be optimized to peak power in multi 100 kW range and pulse energy up to 50 mJ. 
Cleaning systems are builts with pulsed fiber lasers with 500 W average power that can treat surfaces with cleaning 
rates of up to 40 cm²/s. 
4. Drilling of thin material (150  μm stainless steel) with pulses ns range 
The experiment for thin material drilling is based scanner optics. The advantage of using scanners is higher process 
speed for a higher amount of holes. 
The goal of this test is to reach a high drill rate at a material thickness between 150 μm to 300 μm. Problem of 
percussion drilling of thin sheets is the distortion of the material (Fig.2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Distortion of a thin metal sheet (150 μm) by drilling a small area 
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Characteristic Value Unit 
Max. peak power 1000 W 
Max. pulse energy 2 mJ 
Pulse width 
 
500-1500 ns 
 
Max. average power 30 W 
Emission wavelength 1070 nm 
Beam quality 0,5 mm x mrad 
Spot 33 μm 
Focal length 254 mm 
 
Table 1. Overview of used Parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Typically one hole is drilled after the other and for this reason the heat input is very concentrated on a small area. 
The result is a heat accumulation and a subsequently distortion of the metal sheet. To reduce the distortion another 
scan strategy is applied: “On the fly percussion drilling”. This process requires a very precise synchronization of the 
scanner movement and pulse sequence. During a continuous movement of the scanner over the work piece the laser 
releases pulses at a certain frequency. Scanning speed and pulse frequency define the hole distance. Each pulse 
ablates only a part of each hole. In a next pass (e.g. lines or grid) the following pulses hit exact the holes of the 
previous pass (Fig. 3). This sequence is repeated until full penetration or the required depth is achieved. In this way 
the material can cool down before the next pulse hits the hole and thus the heat input is more constant over the 
whole processing area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  Principle of  “on the fly percussion” 
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The heat accumulation is low so there is no big distortion on the metal sheet (Fig. 4). This means it is possible to 
drill bigger area.  
 
 
 
 
 
Fig. 4. Reduced distortion on a thin metal sheet (150 μm) by drilling a big area 
The final result shows a drill rate up to 900 holes/sec. for a 150 μm material thickness (Fig.5). 
 
 
 
 
 
 
 
Fig. 5. Drill rate depend at material 
The entrance hole diameter get smaller with thicker material. Reason is the higher heat conduction and heat capacity 
of the thicker material (Fig 6). 
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Fig. 6. Hole diameter depend at material thickness (upper curve: entrance, lower curve: exit) 
5. Pulsed Fiber Lasers (ms range)  
Another type of pulsed fiber lasers covers the pulse duration in the range of 0.2 - 20 ms. For many years now, low 
heat input spot welding has been the preserve of flashlamp-pumped solid state lasers. It has been possible for some 
time to take advantage of the inherent flexibility of fiber lasers modulate continuous wave (cw) fiber lasers down to 
a 10% beam on to beam off cycle. If this is done with pulse lengths in the range of 0.2 - 20 ms, it is possible to 
achieve multi-joule pulses for producing spot welds using fiber lasers but only if a higher average power fiber laser 
at the 1 kW level was used.  
Recently the development and production of single emitter diodes has been done that live very happily in the high 
peak power low duty cycle operating regime that is necessary for pumping a fiber laser to produce high energy 
pulses.  In contrast, this modulation regime is known to be problematic for diode laser bars that exhibit short 
lifetimes in this regime so it makes little sense to build a diode bar pumped laser for this application.  
New laser sources are available on the market that cover typical peak power range of 1.5 - 6 kW and pulse duration 
of 0.2 - 10 ms. E.g. 6 kW Peak power multiplied with 10 ms leads to 60 J pulse energy that can be supplied with  
600 W average power. 
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6. Applications with Pulsed Fiber Lasers (ms range)  
 
 
 
 
                         Fig. 7. Top surface of butt weld                          Fig. 8. Transverse section of bead-on-plate weld 
The high brightness of this laser might initially be considered to be a handicap for producing large 0.5 mm diameter 
spot welds typical of those employed for welding certain heat sensitive devices. These large spot sizes are often 
required either to increase weld strength or to bridge small gaps between parts. But the laser can be supplied with 
multi-mode delivery fibers from 50 to 200 μm diameter and combining this with a choice of re-collimating and 
focus lenses allows a large range of spot diameters and hence weld spot diameters to be produced at the workpiece. 
Figure 2 shows the top surface of a high quality low duty seam weld made up of a series of overlapping spots that 
solidify between pulses. This was produced on stainless steel using argon cover gas. Figure 3 shows a 
metallographic cross-section of a bead-on-plate weld of exceptional weld quality with zero weld porosity even 
though no gas cover at all was employed for these trials.  
Peak power in kW range leads to the possibility to cut higher material thicknesses. In multi mm range the cutting 
gap has to be bigger than usually adjusted with single mode fiber lasers in sub mm range. 
The following diagram shows the possibilities in cutting multi mm material with 1.5 kW Peak power and 150 W 
average power. 
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Fig. 9. Cutting speed and material thickness depending on different materials 
 
7. Drilling of thick material with pulses in μs and ms range 
The goal of these tests is to show the characteristics of the hole diameter at different parameter. The setup consists 
of a CNC machine and a laser cutting head. 
The used laser for the experiments is a pulsed fiber laser with average power up to 150 W at a spot of 70 μm. The 
further fixed parameters are shown in table 2. 
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Charac te r i s t ic  Va lue Uni t  
Max.  peak power  1500  W 
Max.  pulse  energy  15  J  
Pu lse  width  0 ,2 -10 ms 
Max.  average  power  150  W 
Emiss ion  wave length 1070  nm 
Power  s tab i l i ty  ±0 ,5  % 
Beam qua l i ty  0 .37  mm x  mrad  
Spot  70  μm 
Foca l  l ength  100  mm 
Tip  d i s tance  0 ,5  mm 
Tip  d iameter  1 ,2  mm 
 
  Table 2. Overview of used parameters 
 
 
 
 
 
 
 
 
 
The experiments are carried out on 4 mm thick stainless steel. The percussion drill procedure started with the focus 
on the material surface. During the process the focus point is moved in z-direction with different speeds. 
The frequency is constant at 500 Hz. Oxygen used as the process gas with a pressure of 8 bar. Figure 9 shows the 
test results.  
It shows that with lower velocity the entrance diameter value is close to the exit diameter value.  
    
Fig. 10. Result from the different velocity test 
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Frequency  Pulse  wid th Pulse      
ene rgy  
100 Hz  1  ms  1 ,5  J  
200 Hz  0 ,5  ms  0 ,75  J  
300 Hz  0 ,33  ms  0 ,5  J  
400 Hz  0 ,25  ms  0 ,38  J  
500 Hz  0 ,2  ms  0 ,3  J  
With higher velocity get the hole more conical (Fig.3). At a velocity higher 700 mm/sec. is no exit bore hole. 
        
Fig. 11 Cross section: Left: 50 mm/min; Right 700 mm/min 
With this method it is possible to drill holes with an aspect ratio > 20. 
Drilling of thick material with different frequency.  
Further tests were carried out at constant velocity and changed frequency.. That also means the pulse width is 
changing and in relation the pulse energy at constant duty cycle (Tab 3).  
The result shows that the entrance and exit diameter change constant with the frequency. At 400 Hz it seems that 
with higher frequency the diameter does not changed anymore (Fig. 11). 
Table 3. Frequency in relation to pulse width and pulse energy 
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Fig. 12. Results from entrance- and exit-diameters depending of different frequency 
With lower frequency that means with higher energy the entrance and exit diameter grows up.  
8. Conclusion 
Pulsed fiber lasers have gained major market shares in wide range of applications. Due to the high beam quality and 
wide scalability of the laser power these laser sources allow a flexible and highly efficient processing at high 
processing speeds.  
 
For percussion drilling of thin metal sheets with a high drill rate is the distortion of the metal sheet the problem. 
With a new scan strategy “on the fly percussion drilling” it is possible to minimize the heat accumulation and thus 
the distortion of the metal sheet. 
 
Different combinations of pulse duration, pulse energy, average power and beam quality lead to laser sources that 
can be adapted to the requirements of different applications such as marking, ablation, drilling and remote cutting. 
 
Pulsed fiber lasers with ms pulses and average power in the range of 150 to 600 W will replace lamp pumped 
Nd:YAG lasers due to the well known advantages of compact size, maintenance free operation and high wall plug 
efficiency. 
 
The results of drilling thick material show the dependence from different process velocity and frequency. With 
higher velocity the entrance diameter increase compare to lower velocity. Converse to this the exit diameter 
decrease with higher velocity. The experiments with different frequency settings show, that the entrance and exit 
diameter falls with higher frequency.  
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